Objective. We undertook this US multicenter continuation study (GlaxoSmithKline study BEL112233; ClinicalTrials.gov identifier: NCT00724867) to assess long-term safety and efficacy of belimumab in patients with systemic lupus erythematosus (SLE) who completed the Study of Belimumab in Subjects with SLE 76-week trial (ClinicalTrials.gov identifier: NCT00410384).
Objective. We undertook this US multicenter continuation study (GlaxoSmithKline study BEL112233; ClinicalTrials.gov identifier: NCT00724867) to assess long-term safety and efficacy of belimumab in patients with systemic lupus erythematosus (SLE) who completed the Study of Belimumab in Subjects with SLE 76-week trial (ClinicalTrials.gov identifier: NCT00410384).
Methods. Patients continued to receive the same belimumab dose plus standard therapy; patients previously receiving placebo received 10 mg/kg belimumab. The primary outcome measure was long-term safety of belimumab (frequency of adverse events [AEs] and damage assessed using the Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage Index [SDI] , evaluated every 48 weeks [1 study year] ). Other assessments included the SLE Responder Index (SRI), flare rates (using the modified SLE Flare Index [SFI] ), prednisone use, and B cell levels.
Results. Of 268 patients, 140 completed the study and 128 withdrew. The mean AE SD score on the Safety of Estrogens in Lupus Erythematosus National Assessment version of the SLE Disease Activity Index (SELENA-SLEDAI) at baseline was 7.8 AE 3.86. The mean AE SD SDI score increased by 0.4 AE 0.68 from its value at baseline (1.2 AE 1.51). The overall incidence of treatmentrelated and serious AEs remained stable or declined through study year 7. An SRI response was achieved by 41.9% and 75.6% of patients at the study year 1 and study year 7 midpoints, respectively. At the study year 7 midpoint, relative to baseline, 78.2% had achieved a ≥4-point reduction in the SELENA-SLEDAI score, 98.4% had no new British Isles Lupus Assessment Group (BILAG) A organ domain score and no more than 1 new BILAG B organ domain score, 93.7% had no worsening in the physician's global assessment of disease activity, 20.6% had experienced ≥1 severe SFI flare, the mean decrease in prednisone dose was 31.4%, and the median change in CD20+ B cell numbers was À83.2%.
Conclusion. These long-term exposure results confirm the previously observed safety and efficacy profiles of belimumab in patients with SLE.
Systemic lupus erythematosus (SLE) is a chronic autoimmune disorder that affects a number of organ systems (1) and causes a marked impairment in quality of life (QoL) (2, 3) . Active disease (4, 5) and medication toxicities contribute to the accrual of long-term organ damage (6) (7) (8) . Corticosteroids and immunosuppressant drugs have demonstrated clinical benefits (9) ; however, concerns remain about the safety of their long-term use (6) (7) (8) .
Belimumab is a human IgG1k monoclonal antibody licensed for the treatment of adult patients with ClinicalTrials.gov identifier: NCT00724867. Supported by GlaxoSmithKline. 1 Richard A. Furie, MD: Northwell Health, Great Neck, New York; active, autoantibody-positive SLE who are receiving standard therapy. Belimumab binds to and inhibits the activity of soluble human B lymphocyte stimulator protein (10) . A placebo-controlled phase II study showed that intravenous (IV) belimumab plus standard therapy was generally well tolerated (11); a good safety profile was maintained over 7 years (12) . Two phase III studies, the Study of Belimumab in Subjects with SLE 52-week (BLISS-52) and 76-week (BLISS-76) trials, demonstrated the safety and efficacy of belimumab in patients with autoantibody-positive, active SLE (13, 14) . The long-term safety and efficacy of belimumab were examined in 2 open-label continuation studies (GlaxoSmithKline [GSK] studies BEL112233 and BEL112234) in patients who completed the BLISS studies. A pooled interim analysis of these 2 long-term continuation studies demonstrated low rates of organ damage accrual in patients with moderateto-severe SLE, and safety over 5 years of exposure (15) . Herein, we present the clinical results of the complete BLISS-76 continuation study BEL112233 conducted in US-only patients. Due to the study design, all non-US patients in BLISS-76 and BLISS-52 entered the rest-ofworld continuation study BEL112234 (ClinicalTrials.gov identifier: NCT00712933).
The objectives of this continuation study were to provide continuing treatment to patients who completed BLISS-76 and evaluate the long-term safety and tolerability, impact on QoL, and efficacy of belimumab treatment in patients with SLE. The long-term impact of belimumab on QoL in patients with SLE will be reported separately.
PATIENTS AND METHODS
Study design. This was a multicenter, continuation study (GSK study BEL112233; ClinicalTrials.gov identifier: NCT00724867) conducted in patients who completed the 76-week phase III parent study BLISS-76 (GSK study BEL110751; ClinicalTrials.gov identifier: NCT00410384) in the US (14) . In BLISS-76, patients were randomized to receive 1 mg/kg belimumab IV, 10 mg/kg belimumab IV, or placebo, plus standard therapy for 76 weeks (14) . Patients who previously received placebo received 10 mg/kg belimumab in the continuation study. Patients randomized to receive belimumab continued to receive the same dose as in the parent study (1 or 10 mg/kg IV every 28 days) plus standard therapy. Following a protocol amendment (March 9, 2011), patients receiving 1 mg/kg belimumab had their dose increased to 10 mg/kg. Data on all patients receiving belimumab during this study were pooled for analysis.
To be eligible for enrollment, patients had to have completed BLISS-76 through week 72 and be able to receive the first dose of belimumab within 4 weeks (minimum 2 weeks, maximum 8 weeks). Patients were excluded if in the investigator's opinion they presented with clinical evidence of uncontrolled, acute, or chronic disease not due to SLE. Other key exclusion criteria included occurrence of an adverse event (AE) in the parent trial that would place the patient at undue risk, or laboratory abnormalities.
Since the study was designed to have 48-week study years, study years do not align with calendar years. The study was designed to end either after 5 calendar years from the date of enrollment of the last patient or when fewer than 100 patients remained in the trial, whichever occurred first. The study was conducted from August 5, 2008 to March 26, 2015 , and up to 8 calendar years of data were collected (maximum exposure 2,908 days) (Figure 1) .
Clinical site personnel remained blinded with regard to parent study treatment until results of the parent study were made public. The study was performed in accordance with the Declaration of Helsinki (16) . All sites maintained ethics committee and institutional review board approval, and written informed consent was obtained from all patients.
Study end points. The primary objective of this study was the evaluation of the long-term safety of belimumab, as assessed by AEs, AEs of special interest, vital signs, and clinical laboratory tests (hematology, chemistry, routine urinalysis, and immunogenicity testing). Organ damage was assessed using the Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage Index (SDI) (17) . Assessments were performed at week 24 (study year midpoint) and week 48 (study year end, referred to hereafter as study year). AEs were monitored throughout the study and for 8 weeks following the last dose of belimumab. Clinical laboratory assessments were performed on day 0, at weeks 4, 12, 24, 36, and 48 of study year 1, and at weeks 24 and 48 of each study year thereafter. Organ damage was assessed every 48 weeks.
Efficacy and biomarker assessments were exploratory. The primary efficacy assessment was the SLE Responder Index (SRI) (18) response rate, a validated composite end point defined as a ≥4-point reduction from baseline in the Safety of Estrogens in Lupus Erythematosus National Assessment version of the SLE Disease Activity Index (SELENA-SLEDAI) score (19) , no worsening in the physician's global assessment of disease activity on a 0-10-cm visual analog scale (<0.3 points from baseline), and no new British Isles Lupus Assessment Group (BILAG) A or no more than 1 new BILAG B organ domain score (20) .
Other efficacy assessments included the SELENA-SLEDAI, BILAG, physician's global assessment of disease activity, flare rates, prednisone use, and biomarkers. Flare rates were assessed by the SLE Flare Index (SFI) (19) and the BILAG. SFI flare rates (mild/moderate or severe) were defined by the modified SELENA-SLEDAI SFI (the modified SFI excludes severe flares that were triggered only by an increase in the SELENA-SLEDAI score to >12) (21) . BILAG flare was defined by at least 1 new BILAG A organ domain score or >1 new BILAG B organ domain score compared with baseline (21) . Biomarker assessments included anti-double-stranded DNA (anti-dsDNA) levels, serum complement levels, proteinuria values, serum Ig levels, and B cell subsets. Patients with a baseline SELENA-SLEDAI score of <4 at entry into the continuation study were excluded from the SRI analysis. Efficacy and biomarker assessments were performed every 24 weeks from the first dose of belimumab, with the exception of serum Ig levels, which were tested at week 24 and week 48 during study year 1 and then every 48 weeks. Concomitant corticosteroids were converted to a prednisone equivalent average daily dose (mg/day).
Post hoc analyses were carried out for several parameters of interest. Baseline disease characteristics were examined for patients who withdrew and those who completed the study, to investigate completer bias. Withdrawals among SRI responders were reported, and severe flares were examined according to which severe SFI flare criteria were met. In addition, the proportions of patients who experienced normalization of anti-dsDNA and complement levels and who discontinued prednisone during the study were examined.
Statistical analysis. No formal statistical hypothesis testing was performed, and all analyses were descriptive and exploratory. Analyses included those patients enrolled in the continuation study who received at least 1 dose of belimumab. Patients who received 1 mg/kg or 10 mg/kg belimumab in the parent study were pooled for all analyses. Baseline was defined as the last assessment prior to the first dose of belimumab (day 0). Therefore, baseline for the parent study placebo group was the last assessment prior to their first dose of belimumab, at the start of the continuation study. For patients receiving active treatment in the parent study, baseline was the latest assessment prior to commencing the parent study, BLISS-76.
AEs from both the parent and continuation studies were coded according to the Medical Dictionary for Regulatory Activities, version 17.1. All AE data were summarized by study year according to the recorded start date of the AE. AEs that continued for >1 study year were reported in the year they first occurred; repeat AE episodes were reported in the year they reappeared. If the AE onset date was missing, it was assumed the start date was study year 1. If the AE end date was missing, it was assumed the AE continued until study end. AEs of special interest included malignant neoplasms, postinfusion systemic reactions, infections, depression, suicide, and self-injury. Continuous variables were summarized, reporting mean and SD, median and 25th and 75th percentile, and minimum and maximum. Categorical variables were summarized with frequency counts and percentages. All analyses were performed using SAS software, version 9.3. Figure 1 . Disposition of the systemic lupus erythematosus (SLE) patients and enrollment by treatment in the Study of Belimumab in Subjects with SLE 76-week (BLISS-76) trial. This continuation study (GlaxoSmithKline [GSK] study BEL112233) was designed to end either after 5 calendar years from the date of enrollment of the last patient or when fewer than 100 patients remained in the trial, whichever occurred first. Patients at non-US sites were not eligible for enrollment into this study and had the opportunity to enroll in another open-label, long-term continuation study, GSK study BEL112234. For patients who received placebo in the parent study (BLISS-76; GSK study BEL110751), baseline was the last assessment prior to their first dose of belimumab, at the start of the continuation study. For patients who received belimumab in the parent study, baseline was the latest assessment prior to commencing the parent study. One patient who withdrew from the continuation study reported an adverse event (AE) leading to discontinuation, but the investigator-recorded reason for withdrawal was "physician decision." The number of patients withdrawing from the study each year remained consistent throughout the study, and the number of patients starting each yearly interval declined at similar rates among patients initially treated with belimumab in the parent study and those treated with placebo (see Supplementary Figure 1 (Figure 1) . A post hoc review of the data indicated that where a reason was provided for withdrawal by patient, the 2 requests most often cited were a desire to conceive and logistical reasons (data not shown). The majority of patients (11 of 14) who withdrew due to lack of efficacy did so in the first 4 years of the study. Disease flares were a commonly cited reason for withdrawal due to lack of efficacy (5 of 14 patients).
RESULTS
Baseline characteristics of patients who withdrew from the study and of those who completed were examined post hoc. The mean AE SD SELENA-SLEDAI scores at baseline were 7.8 AE 3.85 and 7.8 AE 3.89 among those who withdrew and those who completed, respectively. Thirty-eight of 128 patients (29.7%) who withdrew had a SELENA-SLEDAI score of ≥10 at baseline, compared with 42 of 140 patients (30.0%) who completed the study. Of patients who withdrew, 91 of 128 (71.1%) had a score of >1 on the physician's global assessment of disease activity, compared with 98 of 140 patients (70.0%) who completed the study. Among patients who withdrew, 63 of 128 (49.2%) had active disease at baseline, defined as ≥1 BILAG A or ≥2 BILAG B organ domain scores, while 74 of 140 patients (52.9%) who completed the study had active disease at baseline. At baseline, ≥1 SFI flare had been experienced by 28 of 128 patients (21.9%) who then withdrew and by 37 of 140 patients (26.4%) who completed. Among patients who withdrew, 2 of 128 (1.6%) experienced ≥1 severe flare prior to baseline; no patients who completed the study had a severe flare prior to baseline. Twenty-three of 128 patients (18.0%) who withdrew from the study had proteinuria >0.5 gm/ 24 hours at baseline, compared with 13 of 140 (9.3%) who completed. Low C3/C4 levels (C3 <0.9 gm/liter and/or C4 <0.16 gm/liter) at baseline were reported in 52 of 128 patients (40.6%) who withdrew and 67 of 140 (47.9%) who completed. Overall, baseline disease characteristics between patients who withdrew and those who completed were similar.
Safety. AEs. At least 1 AE was experienced by 267 of 268 patients (99.6%), and 145 of 268 patients (54.1%) had an AE that was considered by the investigator to be drug-related ( Table 2) . Discontinuation of belimumab due to an AE occurred in 26 of 268 Table 2 . Sixteen patients acquired an opportunistic infection (none categorized as serious), and 3 incidents of suicidal behavior (1.1%) were reported. Overall, the incidence of AEs, treatment-related AEs, serious AEs, and severe AEs remained stable or declined from study year 1 to study year 7+. Clinical laboratory evaluations and vital signs. Lymphocyte count was the only hematologic measure in which ≥10% of patients had either grade 3 or grade 4 values during the study; 50 of 177 patients (28.2%) had a grade 3 value. The percentage of patients who had at least a 2-grade shift from baseline in clinical chemistry studies (liver function, electrolytes, and other chemistry studies) was generally stable or declined over time, not exceeding 12% postbaseline. The percentage of patients with grade 3 or grade 4 values at any time postbaseline did not exceed 5% for any clinical chemistry parameter or urinalysis, and no trends of clinical concern were noted. During the study, 7 of 268 patients (2.6%) had a grade 3 value for IgG, and none of these patients experienced a serious or severe infection. Two patients had a persistent positive anti-human antibody response that Organ damage. The mean AE SD SDI score was 1.2 AE 1.51 at baseline. At study year 7 the mean AE SD SDI score had increased by 0.4 AE 0.68.
Efficacy. SRI response. An SRI response had been achieved by 96 of 229 patients (41.9%) and 90 of 119 patients (75.6%) overall at the study year 1 and study year 7 midpoints, respectively (Figure 2A ). Withdrawals between these 2 time points were examined post hoc, along with the occurrence of new responses, to account for the decrease in absolute number of responders. Of the patients who withdrew (113 of 268; modified ITT population) between these 2 time points, 34 of 113 (30.1%) were responders at the study year 1 midpoint. Of the 90 patients who were SRI responders at the study year 7 midpoint, 35 of them (38.9%) had not been responders at the study year 1 midpoint (52 patients [57.8%] were responders at the study year 1 midpoint).
SELENA-SLEDAI score. The overall percentage of patients with a ≥4-point reduction from baseline in the SELENA-SLEDAI score increased from 44.4% (104 of 234 patients) to 78.2% (93 of 119 patients) at the study year 1 and study year 7 midpoints, respectively ( Figure 2B ). The overall mean AE SD percentage reduction from the baseline SELENA-SLEDAI score (7.8 AE 3.86) increased from 27.1 AE 48.29% at the study LONG-TERM SAFETY AND EFFICACY OF BELIMUMAB IN SLEyear 1 midpoint (n = 252) to 64.9 AE 37.46% at the study year 7 midpoint (n = 125).
BILAG worsening. At baseline, the percentage of patients with at least 1 BILAG A or 2 BILAG B organ domain scores was 51.1% (137 of 268). Overall, at each visit, ≥95% of patients had no new BILAG A organ domain score and no more than 1 new BILAG B organ domain score. At the study year 1 midpoint, 258 of 265 patients (97.4%) had no new BILAG A organ domain score and no more than 1 new BILAG B organ domain score. This remained stable throughout the study, with 125 of 127 patients (98.4%) meeting this criterion at the study year 7 midpoint ( Figure 2C ). Among patients with a postbaseline flare assessment, 33 of 267 (12.4%) and 84 of 267 (31.5%) had at least 1 BILAG flare by the study year 1 and study year 7 midpoints, respectively.
Worsening in physician's global assessment of disease activity. The overall percentage of patients with no new worsening (increase of <0.30 points) from baseline in the physician's global assessment of disease activity was ≥89% up to the study year 7 midpoint visit (119 of 127 patients [93.7%]) ( Figure 2D) .
SFI flare. By the study year 1 midpoint, 149 of 267 patients (55.8%) had experienced at least 1 SFI flare, and 15 of 267 (5.6%) had experienced at least 1 severe flare. Up to and including the study year 7 midpoint visit, these percentages increased to 92.5% (247 of 267) and 20.6% (55 of 267), respectively (cumulative). Of the 55 patients with a severe flare at the study year 7 midpoint, new/worse severe symptoms were experienced by 23.6% of patients (13 of 55), 63.6% of patients (35 of 55) had an increase in daily prednisone dose to >0.5 mg/kg, and 38.2% of patients (21 of 55) had 1 new medication for SLE activity. An increase to a score of ≥2.5 on the physician's global assessment of disease activity was recorded in 5 of 55 patients (9.1%), and 10 of 55 patients (18.2%) were hospitalized for SLE activity.
Prednisone use. Among patients receiving concomitant prednisone (n = 77), the mean decrease from baseline in prednisone dose at the study year 7 midpoint was 31.4% ( Figure 3) . The percentage of patients with a baseline prednisone dose of >7.5 mg/day whose dose was reduced to ≤7.5 mg/day was 50.0% (32 of 64) at the study year 3 midpoint, 39.5% (15 of 38) at study year 7, and 58.3% (7 of 12) at study year 8. Some patients (23 of 173 [13.3%]) discontinued prednisone permanently during the study (post hoc analyses).
Biomarkers. At baseline, 135 of 268 patients (50.4%) were anti-dsDNA positive (≥30 IU/ml), 86 of 268 (32.1%) had low C3 levels, and 98 of 268 (36.6%) had low C4 levels. Post hoc analyses showed that among those who were anti-dsDNA positive at baseline, levels in 23 of 135 (17.0%) normalized during the study, while levels in 10 of 86 (11.6%) with low C3 and levels in 20 of 98 (20.4%) with low C4 normalized. Overall, mean levels of anti-dsDNA antibodies decreased by 44.1% (n = 123) from baseline to study year 7 (Table 3) , and mean C3 and C4 levels increased by 18.9% (n = 123) and 50.0% (n = 123), respectively.
Among the 36 patients with elevated baseline proteinuria (>0.5 gm/24 hours), mean levels in 14 patients improved by 69.1% from baseline to the study year 7 midpoint. Normal levels were achieved by 11 of 34 of these patients (32.4%) at the study year 1 midpoint and by 9 of 14 of these patients (64.3%) at the study year 7 midpoint.
IgG levels decreased by 29.0% (n = 112) from baseline to study year 7. The median percentage change from baseline in CD20+ B cells was À83.22% (n = 107) at the study year 7 midpoint (Table 3) . Reductions were also observed for CD19+, naive, activated, plasma, SLE subset, and plasmacytoid B cells. The median percentage change from baseline in memory B cells was 87.65% (n = 244) at the study year 1 midpoint and À67.18% (n = 106) at the study year 7 midpoint. Although variable over time, the median percentage change from baseline in short-lived plasma B cells was À47.50% (n = 114) at the study year 7 midpoint.
DISCUSSION
Long-term treatment with belimumab was associated with a stable or decreased incidence of AEs and sustained efficacy across 7 study years of exposure, similar to the safety and efficacy profiles of belimumab (12) (13) (14) 22) . In the present study, three-fourths of patients were SRI responders at the study year 7 midpoint, an observation that is consistent with the phase II continuation study, in which 65% of patients had achieved an SRI response by study year 7 (73% in the completer analysis) (12) .
Secondary analyses of the BLISS studies have shown that patients treated with belimumab (plus standard therapy) experienced reduced rates of severe flares when compared with those receiving placebo (plus standard therapy) (13, 14) . In the BLISS-52 and BLISS-76 studies, rates of severe SFI flare were 14% (40 of 290 patients) and 21% (56 of 273 patients), respectively (13, 14) , among patients who received 10 mg/kg belimumab. In this continuation study, the percentage of patients experiencing a new severe SFI flare between the study year 1 and study year 7 midpoints was low; the cumulative count increased from 15 of 267 patients (5.6%) to 55 of 267 patients (20.6%) during this period. In the phase II continuation study, the percentages of severe flares were also low, decreasing from 7% to 2% across each year of belimumab treatment (12) .
Organ damage accrual in this continuation study was low when compared with prospective SLE inception cohorts measuring damage accrual (23) (24) (25) , with a mean increase in SDI of 0.4 over 7 study years. However, while observational cohorts included the full spectrum of patients, the BLISS studies excluded patients with severe lupus nephritis and central nervous system disease (13, 14) , manifestations that may result in higher rates of damage accrual (26, 27) . These exclusions, in addition to treatment with belimumab, could account, in part, for the reported lower rates of organ damage.
One of the major goals of SLE therapy is to reduce corticosteroid exposure (28) . In the current study, mean prednisone dose decreased over time, and approximately one-eighth of patients were able to discontinue prednisone.
Quantitative analysis of B cell phenotypes performed in this study represents the first evaluation of longterm changes in B cells in response to belimumab treatment. The results presented are consistent with those of a small 2-year study that investigated the effects of belimumab treatment on levels of B cell subsets (29) . Over the duration of the study, there was a decrease in levels for the majority of B cell subsets, but no subsets were completely depleted. As demonstrated in that earlier study (29) , memory B cells were initially found to increase in response to belimumab, while a decrease was seen after study year 1.
There are several limitations to the interpretation of these data, primarily the open-label design with no placebo control group. In addition, selection bias could have been responsible for enriching the study population with patients more likely to respond well to treatment over time. Furthermore, approximately one-third of the study population was treated with placebo during the parent study. Since these patients continued to receive placebo (and standard therapy) for 76 weeks before entering this extension study, they may have entered this extension study with more benign disease (32% of patients in the placebo arm withdrew from the parent study). However, the post hoc analysis did not indicate an imbalance in SLE disease activity or characteristics at baseline between those who withdrew over the course of the study and those who completed. In addition, the decline in the number of patients starting each yearly interval was similar between patients initially treated with belimumab in the parent study and those treated with placebo. Withdrawals from the study were more prevalent among nonresponders, although the reasons for withdrawal among nonresponders cannot be confirmed. The impact of the withdrawals may have created responder bias by affecting the composition of the remaining study population.
Although the duration of treatment with belimumab 10 mg/kg differed (depending on initial treatment assignment), all treatment groups were pooled for analysis. In addition, low numbers of patients for some analyses, particularly at later time points, may confound interpretation. Data on AEs of special interest, particularly rates of infection, should be interpreted with caution, as fewer patients contributed to the denominator in later intervals.
This study demonstrates the long-term benefits of belimumab in addition to standard therapy in patients with active SLE. Belimumab was well tolerated, and patients benefited from an overall decrease in disease activity. Moreover, prednisone use declined, and accrual of organ damage was low.
